Abstract -Diamond is considered a tissue-equivalent material since its atomic number (Z ϭ6) is close to the effective atomic number of biological tissue (Z ϭ7.42). Such a situation makes it suitable for radiation detection purposes in medical applications. In the present work the analysis is reported of the thermoluminescence (TL) and dosimetric features of chemically vapour deposited (CVD) diamond film samples subjected to ultraviolet (UV) irradiation in the actinometric region. The TL glow curve shows peaks at 120, 220, 320 and 370°C. The 120 and 370°C peaks are too weak and the first one fades away in a few seconds after exposure. The overall room temperature fading shows a 50% TL decay 30 min after exposure. The 320°C glow peak is considered to be the most adequate for dosimetric applications due to its low fading and linear TL behaviour as a function of UV dose in the 180-260 nm range. The TL excitation spectrum presents a broad band with at least two overlapped components around 205 and 220 nm. The results indicate that the TL behaviour of CVD diamond film can be a good alternative to the currently available dosemeter and detector in the actinometric region as well as in clinical and medical applications.
INTRODUCTION
Recently, polycrystalline diamond films have attracted great interest in radiation dosimetry application. The importance of the material resides in the unique properties of diamond, being almost tissue-equivalent, nontoxic and radiation hard. Perhaps, nowadays, the most important characteristic is mainly the low production costs related to the possibility of deposit as thin films by the conventional chemical vapour deposition (CVD) technique (1) (2) (3) (4) (5) . Other methods even more inexpensive, such as the one based on an oxygen-acetylene torch impingement upon a metallic substrate, allow the production of polycrystalline films with grain sizes of the order of 20 m 6, 7 . The dosimetric applications deal with different sources of ionising radiation like electrons, gamma, beta and X rays, thermoluminescence (TL) or thermally stimulated currents (TSC) dosemeters and detector (1) (2) (3) (4) (5) (6) (7) . Personal or medical dosimetry applications dealing with ionising radiation require tissue-equivalency of materials. For human tissue Z eff ϭ7.5 and therefore diamond with Z eff ϭ6.0 is very close to human tissue. Ionising radiation removes electrons from atoms and the interaction with body tissue can cause cell damage or cell death. Non-ionising ultraviolet radiation is not able to split the atomic electron; however, it may damage biological organisms through photochemical absorption by biomolecules. It has been established that DNA and proteins absorb most strongly in the UVB (320-290 nm) and UVC (290-200 nm) regions. An
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However, due to unwanted effects during the growing of thin films, like grain boundary structural effects, the glow curve may present some low-temperature highintensity glow peaks. It will be necessary to perform preheating procedures to eliminate these low temperature peaks around 30-130°C; which besides contributing to a strong fading of the TL signal, makes the TL response less reproducible, limiting the quality of dosimetric applications.
Another important dosimetric application of the CVD diamond films has been investigated in relation to UV detection (7) (8) (9) . The matter is of great interest due to the biological hazards of sunlight exposure and to depleting the ozone layer in the atmosphere. Therefore, there is a justification for having more efficient UV dosemeters in the actinometric region of the electromagnetic spectrum. In the present paper the results are reported of an investigation dealing with the UV dosimetric characterisation of CVD diamond films subjected to ultraviolet (UV) irradiation in the 180-280 nm region. The TL glow curve's most important features for dosimetric application are evaluated and discussed.
EXPERIMENTAL
The thin films studied were 9 m thick and were prepared by microwave plasma-assisted CVD at 943 K, from a CH 4 (5 sccm)-CO(10 sccm)-H 2 (400 sccm) gas mixture, on (100) silicon substrates (p-type, 0.015 ⍀.cm), which is previously scratched with diamond paste. Before being characterised, the film was . Thermoluminescence measurements were performed using a Harshaw model 4000 TLD system supplied with a photomultiplier light detection device. The diamond films after being irradiated at room temperature were subjected to heating in an inert nitrogen atmosphere with a linear heating rate of 5°C.s
Ϫ1
.
RESULTS AND DISCUSSIONS
Two TL glow curves of the investigated CVD diamond film UV (180-260 nm) irradiated samples are shown in Figure 1 . It displays a TL glow curve in a linear scale of the experimental data along with the fitted glow curve. Four main TL bands, peaked around 120, 220, 320 and 370°C, are found. The TL glow curve is a broad band with overlapping peaks in both the low and high-temperature tails. The 320°C is the most prominent TL glow peak and the 220°C is about five times lower. The 120 and 370°C peaks are very weak but clearly displayed on the logarithmic scale. The TL glow curves were analysed and the temperature maximum T m (°C), activation energy E (eV), maximum intensity I m (arb.units) and the frequency factors s (s Ϫ1 ) for each peak were estimated by means of a home made deconvolution program. The program is capable of simultaneously processing as many as ten first or secondorder kinetics TL peaks. The fitted parameters are E, s and the peak area A. The calculated averaged parameters for 55 glow curves are shown in Table 1 and all the TL glow peaks were considered to be first-order kinetic processes.
In order to know the UV radiation effect upon the TL creation efficiency the TL excitation spectrum was investigated, that is the TL intensity as a function of the irradiation wavelength. The total integrated TL shows a broad band peaked around 220 nm. However, each peak seems to have a quite different UV TL creation behaviour as seen in Figure 2 . All the creation spectra are similar and composed of a broad 190-260 nm band It is evident from the picture that the 320°C peak possesses the highest TL efficiency compared to those belonging to the high (370°C) and low (120°C) temperature tails. The prominent 370°C is due to traps with E of about 1.0 eV and s ϭ1.8 ϫ 10 4 s
Ϫ1
. For comparison, the other peaks seems to correspond to shallow levels with E in the range of 0.3-0.8 eV and s of the order of 10 2 -10 6 s
. These parameters agree with data previously reported in UV irradiated CVD diamond films (9) . Figure 3 shows the dependence of the integrated TL intensity for each peak with the irradiation UV dose at 240 nm. The 220°C and the 320°C peaks show a linear behaviour as a function of irradiation dose. A detailed investigation of the dose dependence upon the irradiation wavelength indicates that the linear behaviour is much better for wavelengths in the 240-260 nm range that for shorter wavelengths. Around 220 nm there is a noticeable and continuous slope decreasing as the dose increases. In fact for irradiation with 218, 240 and 260 nm the illumination time dependency is linear for short exposure times and becomes sub-linear for longer exposure times. It is possible that the trap filling rate decreases in time during illumination because the other trap levels act as competitor traps whose existence, and wavelength dependence, is indeed attested by examining the deconvoluted TL glow curve in Figure  1 . It should be mentioned that the total integrated TL glow curve displays a linear behaviour as a function of irradiation dose. The fading rate of UV irradiated CVD diamond samples was also studied. Figure 4 shows the normalised dependence of the total integrated TL as a function of the storage time at room temperature. The measured glow curve obtained at different storage times kept the normal TL glow shape without significant distortion. In general, it was observed that the 120 and 220°C first two peaks decay more rapidly than the other two located at 320 and 370°C as indicated in Figure 4 . 
